A multiple-exemplar account of symmetric matching to sample was tested with 5-to 6-year-old children. Each child went through five similar phases. Each phase began with a two-choice arbitrary matching-to-sample task. This was followed by a test of symmetric responding. The first four phases ended with. training of symmetric or asymmetric responding. This differed between two groups of 10 children. For example, after conditional relations A1 B1 and A2B2 had been trained, and symmetry had been tested, conditional relations B1A1 and B2A2 (Group Symmetric) or B1A2 and B2A1 (Group Asymmetric) were trained. The stimuli differed between phases. SymmetriC responding increased as a function of tests in Group Symmetric; it decreased in Group Asymmetric. These findings support a multiple-exemplar account of stimulus equivalence.
be outcomes of previous experience. This possibility was first considered by Rodewald (1974) . Rodewald had studied matching to sample in pigeons. After he had established Conditional Relations that may be designated A 1 B 1 and A2B2 he did not find novel Conditional Relations B 1 A 1 and B2A2. He then proposed a training that might lead to novel conditional relations. This can be described as follows. First, A 1 B 1 and A2B2 are taught. Then, B1A1 and B2A2 are also taught. Next, A3B3 and A4B4 are taught, followed by B3A3 and B4A4; A5B5 and A6B6, followed by B5A5 and B6A6, and so forth. Thus, multiple exemplars of symmetry are taught, and this might lead to a generalized performance such that a "novel" BA relation is found after the training of an AB relation, whatever A and B (see also Sidman, Rauzin, Lazar, Cunningham, Tail by, & Carrigan, 1982) .
The phenomena of stimulus equivalence in humans can be explained with the assumption that training histories like the one proposed by Rodewald take place before the experiments in which the phenomena are observed. This is the key assumption of an account proposed by Hayes and Hayes (1989; see also Boelens, 1994; Hayes, 1991; Hayes & Wilson, 1996; Sidman et aI. , 1982) . Suppose the behavior of a person is studied in an experiment. After Conditional Relations A 1 B1 and A2B2 have been established, novel Conditional Relations B1A1 and B2A2 are found. According to Hayes and Hayes (1989) , this result may have been caused by the training of symmetric conditional relations before the experiment. Other aspects of stimulus equivalence can be explained in the same way. Successful attempts to train aspects of stimulus equivalence via multiple exemplars provide support for this account. These attempts may deal separately with the performances seen on simple tests for reflexivity, symmetry, and transitivity, and the ones seen on compound tests (tests for combinations of these properties).
Research done until now has been concerned primarily with reflexivity (generalized identity matching). Sherman, Saunders, and Brigham (1970) studied identity matching in 4-year-old children. Throughout this study, a four-choice matching-to-sample procedure was arranged, with four different samples and four different comparisons; one comparison was the same as the sample. Initially, the choice of any comparison led to a marble (later exchanged for toys or candy), independent of the sample presented. Of the 8 children, 6 now preferred the comparison that was the same as the sample. In later phases, either identity matching or oddity from sample was trained. This was done with three of the four samples; no consequences were programmed for responding to the fourth sample. Sherman et al. found that the children showed the trained performance with all four samples: Their responding to the fourth sample varied with the consequences for responding to the other three. Saunders and Sherman (1986) obtained similar results with mentally retarded adolescents. These studies show that generalized identity matching can be influenced by the training of particular instances, as predicted by.a multiple-exemplar account.
Further support for a multiple-exemplar account of reflexivity comes from studies that have demonstrated identity matching, with a variety of test stimuli, after identity matching had been trained with other stimuli. This has been done with 2-year-old children (Brown, Brown, & Poulson, 1995) , mentally retarded children and adolescents (Dube, lennaco, & Mcllvane, 1993) , and animals (Herman, Hovancik, Gory, & Bradshaw, 1989; Kastak & Schusterman, 1994; Oden, Thompson, & Premack, 1988; Wright, Cook, Rivera, Sands, & Delius, 1988) . This support, however, is weaker than that provided by Sherman et al. (1970) . Sherman et al. arranged two conditions (identity vs. oddity), which served as mutual control procedures. The other studies arranged only one condition (identity), and their results therefore allow other interpretations. For example, one could suggest that generalized identity matching was present from the beginning of a study, and that the reinforcers presented served only to maintain an interest in the tasks (Oden et aI., 1988) . This interpretation may be appropriate especially for humans and languagetrained chimpanzees (Premack, 1983) .
Symmetric responding was trained in two studies with animals (Schusterman & Kastak, 1993; Yamamoto & Asano, 1995 Yamamoto and Asano (1995) studied three-choice matching to sample in a chimpanzee. In this study, too, an increase of symmetric responding was found that could be attributed to the previous training of symmetric responding with other stimuli. Again, however, no control procedures were arranged, and other interpretations are therefore possible. Transitivity has not been studied in a training study, but Schusterman and Kastak (1993) examined one of the performances shown on compound tests: untrained CA responding after AB and BC responding. After training of this performance with 12 stimulus sets the performance was shown on 16 of 18 test trials with other stimuli. This result, too, can be interpreted as the result of earlier training of the same performance but with other stimuli (but see Horne & Lowe, 1997 , for another interpretation).
The present study tested a multiple-exemplar account of symmetric responding in 5-to 6-year-old children. Each child went through five similar phases. Each phase began with a two-choice arbitrary matchingto-sample task. This was followed by a test of symmetric responding. The first four phases ended with training of either symmetric responding or asymmetric responding (responding incompatible with symmetry), in two different groups. Thus, the two groups provided mutual control procedures. The stimuli differed between phases. If symmetric responding were to increase as a function of tests in the first group, and decrease in the second, then that would show that it can be influenced by the training of particular instances, as required by a multiple-exemplar account of stimulus equivalence.
Method

Children
Kindergartens for normally capable children were asked to provide subjects. Children could participate if they were between 5 years, 0 months, and 6 years, 6 months old. In addition, permission by the parents was required. Our aim was to study 10 boys and 10 girls, and together, two kindergartens provided them. The age and sex of each child is shown in Table 1 . Children could withdraw at any time. After the study had begun, it Note. Minimum number of trials = 32.
appeared that Child 3 was in the process of being transferred to a school for children with mental retardation. The participation of the child was stopped, and the results obtained with the child will not be reported here.
Apparatus and Materials
An Acorn Archimedes A310 microcomputer, with a color screen and a mouse, was used. The screen often showed a gray arrow and four white squares on a black background. The arrow (mouse pointer) followed movements of the mouse. One square, here termed the base of the pointer, was centered in the lower half of the screen. Two other squares (the comparison areas) were shown beside this. The last square (the sample area) was centered in the upper half of the screen. Each square had sides of 5.6 cm.
Stimuli were black drawings on the screen. A drawing filled an area of approximately 4 x 4 cm, and it was centered in a sample or comparison area. The stimuli were drawings of a cow (A 1), a chair (A2), a duck (A3), . a bear (A4), a coffee pot (AS), a pair of shoes (A6), a mushroom (A7), a pair of scissors (A8), a train (A9), a table (A 10), a ball (81), a pair of gloves (82), a clock (83), a couch (84), a turtle (85), a van (86), a flower (87), a boat (88), a bird (89), and an umbrella (810). The assignment of the drawings to the designations A 1, ... , 810 was chosen so as to avoid obvious physical or functional similarities within trained or tested conditional relations (see below). Other materials were stickers (showing animals, cartoon figures, etc.) and booklets, prepared especially for the child, in which the stickers could be put.
General Procedures
Trials, blocks, and sessions. A trial began with the presentation of the pointer and its base (see Figure 1) . As soon as the child had placed the pointer in its base, the sample and comparison areas were presented. The sample area immediately showed a sample stimulus. The comparisons were presented when the pointer was stationary within its base and at least 2 s had elapsed since the presentation of the comparison areas. Placing the pointer on a comparison then led to consequences appropriate to the prevailing schedule (see below).
Trials were arranged in blocks, with different trial types mixed in a random fashion. A session ended at the first termination of a block that occurred when at least 40 trials had been presented. Sessions took place in the morning, three to five t imes per week. At most one session was conducted daily.
Programmed consequences. On most trials of the experiment, responses could be correct or incorrect, and these had different consequences. When the child made a correct response, the pointer, squares, and stimuli disappeared from the screen, and a token was presented: A white rectangle, divided into 30 squares, was shown on the screen, a jingle sounded, and a colored star was gradually presented in an unoccupied square of the rectangle. This display lasted 3 s. The screen then went black for 1 s (intertrial interval), and a new trial was presented. When the child made an incorrect response, the screen went black for 4 s. When the child failed to respond within 10 s, the screen went black for 1 s. When an error (an incorrect response or a failure to respond) had occurred, the same stimuli were presented again, and the experimenter prompted responding by pointing to the correct comparison. A correct response then led to token presentation. When the child had earned 30 tokens, the child was allowed to choose a sticker, and this was put in the child's booklet. Sometimes trials without consequences were arranged. On these trials, placing the pointer on a comparison immediately led to the intertrial . interval, and no responding was prompted. The scheduling of consequences was the normal procedure, and it was in effect unless indicated otherwise.
Experimental Phases
The child was seated in front of the computer, beside the experimenter. The experimenter then said: "We are going to play games, and in those games you can earn stickers. We will put the stickers in a booklet you can keep." After the experimenter and the child had prepared a booklet, the experimenter continued: "Now, I will tell you how the game goes." She made the white rectangle (for the tokens) appear on the screen, and explained: "If you play well a colored star will appear in one of these squares. When they are all filled with stars you can choose a sticker, and put it in your booklet. Then, we start again."
·The experiment was divided in five, similar phases (see Table 2 ). Phase 1 began with a matching-to-sample task that arranged Sample A 1 or A2, with Comparisons B1 and B2 (first AB taSk). Ten children were taught Conditional Relations A1B1 and A2B2; the others A1B2 and A2B1 (see Table 1 ). Initially, only Sample A 1 was used. Two prompted trials were given first. B1 was presented to the left of B2 on the first of these trials, and to the right on the second. On the first prompted trial, the experimenter modeled movement of the mouse and said: 'When you move this (the mouse) you move the arrow on the screen. Try it:' The experimenter guided the hand of the child so that the pointer finally arrived in its base and the sample appeared. She then pointed to the sample, waited until the comparisons had been presented, and said: 'When you see this picture: take the arrow to that one (experimenter points to the correct comparison). Try it:' A correct response led to token presentation.
Blocks of eight regular matching-to-sample trials were arranged after the two prompted trials. All trials presented Sample A 1 with Comparisons B 1 and B2. Each block consisted of four trials with B1 left and four trials with B1 right. Blocks were presented until a block without errors had occurred. Similar procedures were then carried out with Sample A2. Thereafter, trials with Sample A1 or A2 were mixed (eight trials with A1 and eight trials with A2 in each block) until a block with at most one error had occurred. This was followed by a test of symmetric responding (BA test). The test consisted of a single block of eight AB trials mixed with eight BA trials. The BA trials arranged Sample B1 or B2 with Comparisons A 1 and A2. Samples A 1, A2, B1, and B2 each occurred four · times. Consequences were arranged for responding on AB trials, as before, but not for responding on BA trials. The test was introduced with the words: "Now, for a short while, you won't earn a star each time you point to a picture on the screen. Continue to do your best, and always point to a picture:' The test was followed by training of AB responding together with BA responding. Ten children were taught symmetric responding (Group Symmetric; Conditional Relations A 1 B 1 and A2B2 together with B 1 A 1 and B2A2, or A 1 B2 and A2B1 together with B2A 1 and B1 A2). The others were taught asymmetric responding (Group Asym' metric; Conditional Relations A 1 B 1 and A2B2 together with B 1 A2 and · B2A 1, or A 1 B2 arid A2B1 together with B1A1 and B2A2). The performances were not trained to criterion: The training always lasted two blocks of 16 trials (with consequences for responding on all trials). Samples A 1, A2, B1, and B2 each occurred four times in a block. . Phase 2 presented Stimuli A3, A4, B3, and B4 instead of A 1 , A2, B 1 , and B2; Phase 3 Stimuli A5, A6, B5, and B6, and so forth. Phases 2-4 were constructed in the same way as Phase 1: Each ,phase arranged an AB task, a BA test, and a training of either symmetric or asymmetric (AB and BA) responding. Phase 5 arranged an AB task and a BA test, like the earlier phases, but it ended after the test. The children who had been taught A 1 B 1 and A2B2 in Phase 1, were taught A3B3, A4B4, A5B5, and so forth in later phases; the other children were taught A3B4, A4B3, A5B6, and so forth. Assignment of children to groups (symmetric vs. asymmetric) and subgroups (A 1 B1 vs. A1 B2) was random with two restrictions: (a) 2 boys and 3 girls were to be placed in the two subgroups that received training of A 1 B 1 and A2B2 in Phase 1, and (b) 3 boys and 2 girls were to be placed in the two subgroups that received training of A 1 B2 and A2B1 in Phase 1 (see Table 1 ).
Drawings of common objects were used to facilitate training. This could have unwanted side effects. Although obvious physical or functional similarities within trained or tested conditional relations were avoided (see above), it is still possible that some relations have gained strength via prior (preexperimental) experience. This possibility should be minimized in studies that aim to demonstrate symmetric responding per se; it should be controlled in studies that examine the effects of other variables (such as the two training conditions of the present study) on symmetric responding. Here, prior relations were controlled by training the same relations in the two experimental groups, with reversed pairings of stimuli in two subgroups. Table 1 shows the number of trials to criterion in the AB task at the beginning of each phase. The minimum number of trials was 32 (8 trials . AS responding remained strong for all children except Child 5 and Child 15. These two children did maintain a preference consistent with correct responding. This result implies that any symmetric or asymmetric preference on SA trials would be symmetric or asymmetric not only with respect to correct AB responding but also with respect to the AB responding actually shown by the child. No effects of group assignment or stimulus pairing on . AB responding were found (Mann-Whitney U tests, p> .05 for each phase) . .
Results
The critical dependent variable of this study is the percentage of BA trials with symmetric choices. The multiple-exemplar account predicts an increase of this percentage as a function of tests in Group Symmetric, and a decrease as a function of tests in Group Asymmetric. Increasing and decreasing trends can be assessed by fitting straight lines to the data. The slopes of these lines then indicate the sizes and directions of trends. A slope of +5% or more per session was arbitrarily designated as an increase, a slope of -5% or less as a decrease, and a slope in between these two values as no change. In Group Symmetric, increases were noted for Children 1, 5, 6, 7, 8, and 9 ; the other children of this group showed no change. In Group Asymmetric, decreases were noted for ChHdren 11, 12, 14, 16, and 17 ; the other children showed no change. Mann-Whitney U tests, applied to the percentages of BA trials with symmetric choices, revealed significant differences between groups on Tests 4 and 5 (Us < 16.5, n1 = 9, n2 = 10, ps < .05), but not on Tests 1, 2, or 3. The trends within the two groups were examined with Page's distribution-free test for ordered alternatives (Hollander & Wolfe, 1973, pp. 147-150) . The test revealed a significant increase of symmetric responding in Group Symmetric (L = 440.5, k = 5, n = 9, P < .01), and a significant decrease in Group Asymmetric (L = 492, k= 5, n = 10, P < .01).
No effects of stimulus pairing on symmetric responding were found (Mann-Whitney U tests, p> .10 for each phase).
Most children showed a symmetric preference on Test 1 (see Figure  2) . The mean level of symmetric responding was 73% on this test. The occurrence of change across tests could be predicted on the basis of Test 1 responding. No change occurred when the percentage of symmetric SA responding on Test 1 was 88 or greater (7 or 8 of 8 trials); change occurred when the percentage was less than 88. Strong symmetric responding on Test 1 means there is little room for increases (absent in Children 2, 4, and 10 of Group Symmetric), but much room for decreases (absent in Children 13, 15, 18, 19, and 20 of Group Asymmetric).
SA test trials without symmetric responding were almost always trials with asymmetric responding. The other possibility-no respondingoccurred on 1.7% of trials in Group Symmetric, and on 1.3% of trials in Group Asymmetric (percentages calculated over tests and children). Page's test revealed a significant increase of asymmetric responding in Group Asymmetric (L = 481, k = 5, n = 10, P < .05). Table 3 shows the results obtained at the end of the first . four phases, when symmetric or asymmetric responding was trained (two 16-trial blocks, with consequences on all trials). The first four columns show the percentages of AS trials with correct choices. In Group Symmetric, the mean of these percentages across phases and children was 95%, slightly greater than the mean of 92% shown by this group on the immediately preceding tests (see Figure 2 , Tests 1-4, open circles). In Group Asymmetric, the mean was 83%, less than the mean of 92% shown by this group in the immeaiately preceding tests. This implies that the training of asymmetric responding tended to disrupt AS responding in Group Asymmetric. The disruption did not occur for all children of Group Asymmetric, but could be predicted on the basis of SA responding on Test 1. The children who had shown strong symmetric responding on Test 1 showed disruptions of AS responding. The others, except for Child 14, showed slight increases of AS responding.
The last four columns of Table 3 show the percentages of SA trials with symmetric choices. These choices were correct in Group Symmetric and incorrect in Group Asymmetric. In Group Symmetric, the mean of the percentages across phases and children was 92%, greater than the mean of 80% shown during the immediately preceding tests (see Figure  2 , Tests 1-4, filled circles). In Group Asymmetric, the mean across phases and children was 38%, less than the mean of 71 % during the immediately preceding tests. In other words, the training of symmetric or asymmetric responding increased the difference between groups, as would be expected. Again, responding in Group Asymmetric was correlated with the level of symmetric responding on Test 1. The children who showed 44  15  50  56  100  81  38  63  19  38  16·  88  94  100  94  19  38  25  13  17  94  88  81  94  25  38  31  19  18  75  75  69  69  38  50  56  25  19  81  88  100  81  44  56  56  44  20  94  75  75  94  44  69  69  81 Note. Percentages are based on 16 trials.
strong symmetric responding on Test 1 showed higher levels of symmetric responding than the others. Also, their symmetric responding did not vary systematically as a function of phases. In the others, symmetric responding tended to decrease as a function of phases. No responding occurred on 0.9%of SA training trials in Group Symmetric and on 1.1 % of SA training trials in Group Asymmetric.
Discussion
Two changes were seen in the matching-to-sample performances of 5-to 6-year-old children. One change was an increase of generalized symmetric responding; this occurred when instances of that performance were trained. The other change was a decrease of generalized symmetric responding; this occurred when incompatible instances were trained. These findings show that children's generalized symmetric responding can be influenced by the training of particular instances, which is in agreement with a multipleexemplar account of stimulus equivalence. The findings extend those of Sherman et al. (1970) and Saunders and Sherman (1986) , who studied identity matching and oddity from sample in children and adolescents, as well as those of Schusterman and Kastak (1993) and Yamamoto and Asano (1995) , who studied symmetric responding in animals.
The changes seen in the present study were correlated with initial levels of symmetric responding (Figure 2, Test 1) . The changes occurred only when symmetric responding was not strong. Strong symmetric responding leaves much room for decreases, and these were not found. This limits the support for a multiple-exemplar account. The symmetric preferences seen on Test 1 were less pronounced than those found in other studies with normally capable children (e.g., Pilgrim, Chambers, & Galizio, 1995; Saunders, Drake, & Spradlin, 1999; Wetherby, Karlan, & Spradlin, 1983) . The reason for this is probably that many preparatory procedures were omitted here. The children of the present study did not receive pretraining in identity matching-to-sample tasks (Saunders et aI., 1999; , they were not instructed to choose the comparison that "goes with" the sample (Saunders et aI., 1999; Wetherby et aI., 1983) , and they did not receive non reinforced baseline trials (procedure employed in all studies referred to). These procedures may promote symmetric responding. Also, it should be noted that the tests of the present study arranged fewer trials than those of the other studies. Some other studies have reported increases of symmetric responding after the first eight test trials (Pilgrim et aI., 1995; Saunders et aI., 1999) .
To account for the non-effects in Group Asymmetric, one could suggest that more examples may be needed when symmetric responding is strong. Another possibility, and one we would find more credible, is that the examples should be treated more intenSively. Perhaps, each example should be trained to criterion (say, at least 15 trials correct in a block with 8 AB and 8 BA trials). This, in turn, may require special teaching procedures. In generalized symmetric or asymmetric responding, earlier AB responding controls present BA responding. Special trial arrangements may be needed to bring about or to modify this control. Consider the training of asymmetric responding. Initially, each trial with Sample A 1 (correct choice: B1) could be followed immediately by a trial with Sample B1 (correct choice: comparison other than A 1), and each trial with Sample A2 (correct choice: B2) could be followed immediately by a trial with Sample B2 (correct choice: comparison other than A2). Long intervals could separate the pairs of trials, to further emphasize the importance of the appropriate earlier responding. Later, the intertrial intervals cou'd be made equal, and the trials mixed in a random fashion. Special trial arrangements like these have been used successfully in training productive language to mentally retarded children (Baer, 1976; Guess, Sailor, Rutherford, & Baer, 1968) .
The training procedures of the present study involved verbal instructions, modeling, and the arrangement of consequences for responding. No attempt was made to determine the importance of these components. If the instructions and the modeling served only to prompt responding, and all strengthening and weakening occurred because responding had consequences, then the changes observed here should be viewed as operant conditioning. The present findings, however, do not allow conclusions about this.
Whatever the importance of these considerations, the present findings show that children's symmetric matching to sample can be influenced by the training of examples or counterexamples. This is in agreement with a multiple-exemplar account of stimulus equivalence.
